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42 The Journal of Thoracic and Cardiobjectives: Despite many animal and clinical studies to date, there is still debate on
he effect of internal thoracic artery harvesting on postoperative sternal perfusion
nd thus healing. We performed a prospective clinical study to assess the postop-
rative sternal perfusion in patients who underwent surgical coronary revascular-
zation by means of unilateral internal thoracic artery harvesting and to evaluate the
ffect of 2 harvesting methods, namely electrocautery and use of an ultrasonic
calpel.
ethods: Between November 2004 and March 2005, 30 consecutive patients (25
ale patients; age, 58.34  9.42 years; mean New York Heart Association class,
.90  0.76) scheduled for conventional coronary surgery were enrolled in this
tudy. After obtaining informed consent, they were randomized into 2 groups. The
eft internal thoracic artery was harvested as a pedicle graft in all patients by using
he corresponding method. All patients underwent 99mTc–methylene diphospho-
ate bone scintigraphy preoperatively to evaluate baseline sternal perfusion. Control
cintigraphy was performed on postoperative day 7.
esults: Sternal perfusion showed a significant increase on postoperative scans
ompared with that at baseline (1067  191 counts/pixel vs 919 102 counts/pixel
or the right half, P  .001; 1064  179 counts/pixel vs 905  107 counts/pixel for
he left half, P  .001). There was no significant difference between the right and
eft sternal halves postoperatively. The method used for harvest had no significant
ffect on postoperative sternal perfusion (electrocautery 1037 121 counts/pixel
s scalpel  1097  109 counts/pixel for the right half, P  .05; electrocautery 
040  126 counts/pixel vs scalpel  1089  130 counts/pixel for the left half, P
.05).
onclusions: Sternal perfusion increases soon after coronary bypass surgery, prob-
bly as a consequence of the healing process, but the source of perfusion for harvest
ide remains unclear. Harvesting of internal thoracic arteries with an ultrasonic
calpel has no advantageous effects on postoperative sternal perfusion.
or decades, internal thoracic artery (ITA) grafts have been the most popular
autologous arterial grafts for the revascularization of hearts in ischemic heart
disease.1 Higher patency rates compared with those of autologous saphenous
ein grafts (83%–95% vs 50%–60% for 10 years) and resistance to atherosclerosis
re the major advantages of ITA grafts.2,3 However, the ITA is the major blood
upply for the sternum through the periosteal plexus formed by its segmental
ranches.4 Results of various experimental5,6 and clinical7 studies support these
ata. A major factor of wound healing is adequate blood supply. Bilateral harvest of
TAs for the revascularization of coronary arteries might result in total devascular-
zation of sternum4 and thus delay healing. Increased rates of sternal dehiscence
fter coronary revascularization with bilateral ITAs (1.1%, 2.3%, and 8.5% for no
vascular Surgery ● August 2007
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A
CDTA, unilateral ITA, and bilateral ITA groups, respective-
y),8 might emphasize the effect of sternal blood supply
fter coronary bypass surgery. Collateral blood flow
hrough posterior intercostal arteries and pectoral branches
f the thoracoacromial axis might have a role in the sternal
ealing process after bilateral harvest of ITAs.9-11
To date, numerous studies have been published on sternal
lood flow after sternotomy, ITA harvest, or both.5-7,12-17
nitial studies focused on the role of ITAs and their branches
n sternal blood supply. Recently, consensus has been
chieved among the authors that skeletonization of ITA
rafts has advantageous effects on postoperative sternal
erfusion.6,13,18,19 Electrocautery has been used as a method
f choice for ITA harvest in conventional operations. The
ltrasonic scalpel (USS) is a relatively novel device devel-
ped to eliminate the potential risks of electrical injury on
he tissues. It has been widely used for harvesting the radial
rtery conduits.20,21 The major advantages of this method
ere less thermal injury and necrotic features at the resec-
ion rim in a lung resection model,22 less endothelial dam-
ge in ITA grafts,23 and reduced vasospastic response of the
rterial wall.20 Nevertheless, no study has been published
et evaluating the effects of the USS on sternal perfusion
fter ITA harvest in comparison with electrocautery.
The aim of this study was to monitor the sternal perfu-
ion 7 days after ITA pedicle harvest, as well as to evaluate
he effects of the USS technique on sternal perfusion in the
arly postoperative follow-up period in comparison with use
f electrocautery. ITA grafts were harvested as pedicles in
ll cases to obtain 2 comparable groups and to avoid the
ffect of the skeletonization technique.
aterials and Methods
hirty consecutive patients (25 male patients; mean age, 58.34 
.42 years; mean New York Heart Association class, 1.90  0.76)
cheduled for conventional coronary artery bypass grafting
CABG) surgery were enrolled in this prospective randomized
tudy between November 2004 and March 2005. Inclusion criteria
ere age of less than 75 years, isolated primary coronary artery
isease, elective bypass surgery, and a left ventricular ejection
raction of greater than 30%. Patients who had a history or diag-
osis of diabetes mellitus, previous sternotomy and/or thoracot-
my, previous major thoracic trauma, malignant disease, radio-
herapy and/or chemotherapy, major vascular (abdominal aortic,
liac, and/or femoral arterial) disease, and hematologic disease
Abbreviations and Acronyms
CABG coronary artery bypass graft
ITA  internal thoracic artery
ROI  region of interest
USS  ultrasonic scalpelere excluded. After providing informed consent, they were ran- T
The Journal of Thoracicomized into 2 groups: the electrocautery group and the USS
roup. The right sternal halves were left intact in both groups and
erved as controls.
erioperative Protocol
outine preparation was performed, including physical examination,
outine blood tests, echocardiography, and coronary angiography.
Under elective conditions and after achievement of standard
eneral anesthesia, a median sternotomy was performed with a
neumatic saw in the conventional fashion. After the median
ternotomy, the left ITA was harvested as a 2-cm pedicle, includ-
ng the artery, accompanying veins, muscle, and fascia, by using
lectrocautery (25 W; Aspen Sabre Electrosurgical Unit, Con
ed) or a USS (Harmonic Scalpel; Ultracision, Inc; 5-mm twisted
dge, HC 145, Level III) on identical settings according to the
roup in which the patient was randomized. No effort was spent to
reserve the lateral musculophrenic–superior epigastric bifurca-
ion. After aorto–right atrial cannulation, aortocoronary bypass
rafting under moderate hypothermia and cardiopulmonary bypass
as performed for coronary arteries other than the left anterior
escending coronary artery by using the great saphenous vein
rafts, if indicated. Left ITA–left anterior descending coronary
rtery anastomosis was performed while rewarming. At the end,
emostasis of the left ITA bed was performed by using the corre-
ponding device, liga-clips (Ligaclip LT200, Ethicon), and the
ternum was closed with separate steel wires. Median sternotomy,
arvest of grafts, and hemostasis were performed by one surgeon
E.P.) in all cases.
adionuclide Imaging
wo or 3 days before the operation, all patients underwent bone
cintigraphy to evaluate the baseline sternal perfusion. Three hours
fter the intravenous injection of radioactively marked 15- to
0-mCi (540-740 MBq) 99mTc–methylene diphosphonate, static
mages were obtained with a single-detector gamma camera (Sophy
SX) equipped with a general-purpose collimator. Sternal activity
n the anterior thoracic views was calculated quantitatively by
sing the region of interest (ROI) program. Six ROIs were ob-
ained for each sternum by dividing the sternum into manubrium,
orpus, and xyphiod process craniocaudally and by dividing each
one into 2 halves as mirror images on each half of the sternum.
or each ROI, the number of counts per pixel was calculated by
ur nuclear medicine specialists (G.D., Z.O.), who were blinded to
roup allocation. For each sternal half, sternal activity was calcu-
ated as the sum of its 3 ROIs.
Repeat tests with the same techniques were performed 6.93 
.69 days after the operation (6.80  0.56 days in the electrocau-
ery group and 7.07  0.07 days in the USS group, P  .05). All
atients were also evaluated by means of physical examination on
ostoperative days 14 and 30 in the clinic.
tatistical Analysis
PSS for Windows 13.0 software (SPSS, Inc) was used for statis-
ical analysis. The data are presented as means  standard devi-
tions for continuous numbers, percentages, or both for parametric
ariables. The 2 test was used to compare parametric variables.
he Mann–Whitney U test was used to compare nonmatched and
and Cardiovascular Surgery ● Volume 134, Number 2 443
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CDonparametric values. Matched nonparametric values were com-
ared with the Wilcoxon paired test.
esults
he 2 groups were comparable with respect to preoperative
haracteristics and perioperative data (Tables 1 and 2).
reoperative sternal perfusion was comparable for each
orresponding ROI between the left and right halves of
oth groups. Likewise, all corresponding ROIs were
omparable between the 2 groups in preoperative tests
Figure 1). Sternal perfusion was found to decrease sig-
ificantly when comparing distal versus proximal sternal
reas (ie, corpus vs manubrium, xiphoid process vs cor-
us, and xiphoid process vs manubrium), indicating that
he xiphoid process is the poorest part of the sternum for
lood supply.
In the postoperative scans, both groups have shown an
ncreased uptake in all ROIs on both sides, ranging between
0.12% and 21.36%. This increase in all ROIs, except RMI
n the USS group, was significant (Figure 1). However, no
ignificant difference was found between the 2 groups re-
arding the postoperative sternal perfusion and between the
eft and right halves in both groups.
Concerning all patients, sternal perfusion showed an
ncrease of 16.10% (919  102 counts/pixel to 1067  191
ounts/pixel, P  .001) on the right (no harvest) half and a
7.57% increase (905  107 counts/pixel to 1064  179
ounts/pixel, P .001) on the left (harvest) half 7 days after
urgical intervention with respect to preoperative values
Figure 2). Left and right sternal perfusion was found to be
imilar on the postoperative tests (1064 179 counts/pixel vs
067  191 counts/pixel, respectively; P  .05).
Sternal dehiscence was observed in one patient in each
roup, and complete sternal healing was achieved by using
onservative therapy in both patients within 30 days after
he operation. No sternal wound infection or mediastinitis
ad developed. Postoperative characteristics (intubation
ime, drainage, sternal dehiscence, inotropic support, intra-
ABLE 1. Preoperative patient characteristics
EC group
(n  15)
USS group
(n  15) P value
ge (y) 59.5 9.2 57.2  9.9 .5
ex (female/male) 2/13 3/12 .6
ody surface area (m2) 1.9  0.1 1.8  0.2 .7
reoperative NYHA class 1.9 0.7 1.9  0.8 .9
reoperative LVEF (%) 53.9 10.5 51.2  11.4 .5
ypertension 5 7 .5
OPD 0 1 .3
C, Electrocautery; USS, ultrasonic scalpel; NYHA, New York Heart Asso-
iation; LVEF, Left ventricular ejection fraction; COPD, chronic obstructive
ulmonary disease.ortic balloon pump use, low cardiac output, arrhythmia, w
44 The Journal of Thoracic and Cardiovascular Surgery ● Auguesuscitation, intensive care unit stay, and in-hospital stay)
ere similar in the 2 groups (Table 3).
iscussion
one healing starts immediately after injury with the in-
ammatory response, and original structure and function is
estored completely by time. Adequate blood supply is of
reat importance for bone healing from the beginning to the
nd. Sternotomy is a major trauma that has a potential risk
or inadequate sternal healing and dehiscence after surgical
ntervention. Harvest of ITAs in patients undergoing CABG
s an additional risk factor for inadequate healing after
edian sternotomy because the major blood supply for the
ternum is used for revascularization.8
Because of technical and ethical considerations, no as-
essment of sternal blood flow could be performed either in
he perioperative or the early postoperative periods in clin-
cal studies. Our routine practice for timing of discharge for
he patients without any complications after CABG surgery
s postoperative day 7 or 8, which permits a smooth recov-
ry and rehabilitation period in the hospital. We decided to
erform the control scintigraphy at postoperative day 7 to
btain the results of scintigraphy before discharge. Also,
his time point gave us the opportunity to fill in the gap in
he time course of early postoperative sternal perfusion in
he literature.
The data obtained from the animal studies showed that
ternotomy itself does not affect the sternal perfusion.5
owever, sternal perfusion is reduced up to 85% to 90%
mmediately after the ITA harvest.5,6 Nevertheless, this
eduction in sternal perfusion is reversible. Parish and as-
ociates6 showed in a canine model that sternal perfusion
as diminished 85.1% after pedicled ITA harvest with
espect to baseline values (P  .001), and a slight reperfu-
ion was observed after closure of the sternum (78.3%
eduction with respect to baseline values, P  .001), prov-
ng a rapid mechanism to restore the perfusion immediately
fter the devascularization. In a clinical study 5 days after
he operation, sternal perfusion was found to be 34% less
han that of the preoperative values,13 indicating an increase
f perfusion with respect to earlier postoperative values as
ell. In our study, 7 days after the operation, sternal per-
usion was found to be restored, with an increase of 17.57%
ABLE 2. Perioperative data
EC group
(n  15)
USS group
(n  15) P value
o. of grafts per patient 2.9 0.8 3.0 1.0 .7
PB time (min) 83.4 25.9 80.9 28.4 .9
rossclamp time (min) 50.3 17.2 52.9 19.4 .5
C, Electrocautery; USS, ultrasonic scalpel; CPB, cardiopulmonary bypass.ith respect to preoperative values for the harvest side.
st 2007
L
o
c
h
E
f
W
s
r
c
r
m
a
s
p
c
o
n
N
a
I
v
n
s
h
s
i
t
i
s
g
r
t
s
i
d
b
C
c
i
w
g
t
p
Pektok et al Surgery for Acquired Cardiovascular Disease
A
CDikewise, Korbmacher and associates14 reported an increase
f 53% for the harvest side (47% for manubrium, 65% for
orpus, and 63% for xiphoid process) 12 days after the ITA
arvest with a similar radionuclide imaging technique.
ighteen months after surgical intervention, perfusion was
ound to be similar to what it was before the operation.15
e can conclude that compensatory mechanisms occur
oon after devascularization, and sternal perfusion is
estored in the first week, but the complete healing pro-
ess takes longer.
Our findings for the increase of sternal perfusion on the
ight (nonharvest) side is parallel to the results that Korb-
acher and associates14 stated in their article. They reported
63% increase in sternal perfusion on the right (nonharvest)
ide 12 days after surgical intervention in a similar group of
atients. The reason for this increase was attributed to a
ompensatory mechanism to restore the perfusion by means
f additional blood flow demands of collaterals through the
onharvested ITA and the contralateral intercostal arteries.
evertheless, the actual mechanism is still unclear.
Cohen’s group from Holon, Israel, published a series of
rticles13,15,18 concerning the effect of skeletonization of
TA grafts on sternal perfusion. They concluded that har-
Figure 1. A, Sternal perfusion for the electrocautery gro
scintigraphies are shown in box-plot format. Open circ
numbers represent the corresponding patient. R, Right; L
*P < .05. B, Sternal perfusion for the ultrasonic s
postoperative scintigraphies are shown in box-plot for
confines, and numbers represent the corresponding pa
process; I, index. *P < .05.esting pedicled ITA grafts caused acute postoperative ster- a
The Journal of Thoracical ischemia, and this was not the case if ITA grafts were
keletonized or semiskeletonized. However, those patients
ad their postoperative control scans 4 to 9 days after
urgical intervention. This huge variation between the tim-
ng of control scans in the early postoperative period limits
he value of the results. In addition, the 3 groups compared
n these studies were not randomized and operated on in the
ame time period. Our study lacks the skeletonized ITA
roup but represents the missing chain in the time course of
eperfusion clearly in the pedicled ITA group. It is still early
o make a final decision, and the effect of skeletonization on
ternal perfusion needs to be evaluated by further random-
zed studies with larger numbers of patents with well-
efined time points.
The harvest of arterial conduits with the USS21,24,25 has
een a relatively novel concept for less than a decade.
oncurrently, the effects of ultrasonic dissection on arterial
onduits have been evaluated using morphologic and phys-
ologic properties by several authors.23,26,27 Lamm and co-
orkers23 randomized 24 consecutive patients into 2
roups: ITA grafts harvested either by means of electrocau-
ery or by means of USS for aortocoronary bypass. They
erformed a morphologic analysis of endothelium by using
he data obtained from preoperative and postoperative
epresent the patients’ values out of 75% confines, and
; M, manubrium; C, corpus; X, xiphoid process; I, index.
l group. The data obtained from preoperative and
Open circles represent the patients’ values out of 75%
. R, Right; L, left; M, manubrium; C, corpus; X, xiphoidup. T
les r
, left
calpe
mat.
tientscanning electron microscope and found that the USS
and Cardiovascular Surgery ● Volume 134, Number 2 445
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CDaused less endothelial damage compared with that caused
y electrocautery when the ITA pedicle size was less than
.5 cm. In addition, carbonization damage on the outer layer
f all the ITA grafts was detected in the electrocautery
roup. Recently, Yoshikai and colleagues27 reported com-
letely preserved endothelial integrity in ITA specimens
keletonized with a USS in a series of 9 patients, but no
omparison between use of a USS and electrocautery was
ade because of the study design. In contrast, in a random-
zed study previously published from our clinic, Cikirikcio-
lu and associates26 had found no difference in vasoreac-
ivity and endothelial integrity of the radial arteries
arvested by means of either electrocautery or USS use.
evertheless, flow of alternating current and excessive heat
eneration caused by electrocautery while operating might
ave some reversible (ie, vasospasm) or irreversible adverse
ffects on arterial conduits and on surrounding tissue.
arger areas of coagulation necrosis after dissection of the
ung tissue by means of electrocautery were reported be-
igure 2. Sternal perfusion for all patients. The data obtained
rom preoperative and postoperative scintigraphies are shown in
ox-plot format. Open circles represent the patients’ values out of
5% confines, and numbers represent the corresponding patient.
P < .05.ore.22 Thermal injury created with a USS is much less than s
46 The Journal of Thoracic and Cardiovascular Surgery ● Auguhat created with electrocautery, mainly because of different
orking principles. One would hypothesize that less ther-
al injury generated while harvesting ITA grafts should
ause less coagulation necrosis and thus less microcircula-
ory deficits on the thoracic wall. Our study, for the first
ime in the literature, provides the data for sternal perfusion
fter ultrasonically harvested ITA grafts. The pattern of
ternal perfusion after ITA harvest with a USS showed no
ifference from that of electrocautery, proving the restorage
f sternal reperfusion at the end of first week.
Our study has a number of limitations. Two major lim-
tations are the small size of the patient population and the
resence of only one time point for scintigraphy during the
ealing period. More than one postoperative control scin-
igraphy and a larger population size would have provided
ore data. Because of the fact that our radioactive investi-
ations were actually not a part of the routine clinical
reatment protocol, we preferred to limit the size of the
tudy population and postoperative time points for scinti-
raphic investigations as they were performed. The small
ize of the patient population also hinders us from making
urther analysis on the correlation of sternal dehiscence
ccurrence and sternal perfusion changes. We also decided
ot to include the patients who have risk factors (eg, dia-
etes, malignancy, age older than 75, and obesity) or bilat-
ral ITA grafting to get the biologic response to use of a
SS in comparison with electrocautery. It is obvious that
ur results cannot account for those high-risk patients.
onclusions
ternal perfusion is restored soon after CABG surgery,
robably as a consequence of the healing process, but the
ABLE 3. Postoperative data
EC group
(n  15)
USS group
(n  15) P value
ntubation time (h) 12.2 4.6 10.9 4.6 .3
otal drainage (mL) 513.3 215.9 573.3 225.9 .4
ternal dehiscence 1 1 1.0
notropic support
Dopamine infusion 5 3 .4
Dobutamine infusion 1 0 .3
Adrenaline infusion 3 0 .1
ABP 1 0 .3
ow cardiac output 2 0 .1
rrhythmia 3 4 .7
esuscitation 1 0 .3
CU stay (d) 1.1 0.4 1.1 0.3 .8
ostoperative hospital
stay (d)
7.2  0.9 7.3 1.4 .9
C, Electrocautery; USS, ultrasonic scalpel; IABP, intra-aortic balloon
ump; ICU, intensive care unit.ource of this reperfusion remains unclear. Harvesting of
st 2007
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DTA grafts with a USS has no advantage over electrocautery
ith regard to sternal perfusion in selected patients. We
onclude that sternal perfusion is not affected by the method
oncerning the USS and electrocautery and is restored by
he end of first week if the ITA graft is harvested as a
edicled graft in nondiabetic patients. Further studies
hould be performed in diabetic patients, patients undergo-
ng bilateral ITA harvest, or both to clarify the effect of the
SS and the time course of sternal reperfusion, as well as
he effects of skeletonization on sternal healing.
We thank Dr Ebru Sezer, Ege University Department of Bio-
hemistry, for her great effort and help in statistics and graphics.
his study was performed in Ege University Hospital, Depart-
ents of Cardiovascular Surgery and Nuclear Medicine.
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